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The title compound, C21H17CIO3, which crystallizes as one of 
two possible oxo/hydroxy-fulvene prototropic tautomers, 
possesses a strong intramolecular O— H- ■ O hydrogen bond 
that closes a seven-membered ring. The dihedral angles 
between the central five-membered ring and two pendant 
rings are 55.05 (9) and 44.51 (10)°. The crystal packing is 
characterized by weak intermolecular C— H- ■ O interactions 
between an H atom of the oxymethylene unit and the carbonyl 
group of an adjacent molecule, resulting in formation of chains 
of molecules along the a axis. 

Related literature 

For the structures of related 2-acyl-6-hydoxyfulvene deriva- 
tives, see: Ferguson et al. (1975); Dong et al. (2004, 2006). For 
more information on the synthesis of 2-acyl-6-hydoxyfulvene 
derivatives, see: Dong et al. (2004, 2006). For preparation 
details, see: Christl et al. (1998). For compounds obtained from 
2-acyl-6-hydoxyfulvenes, see: Dong et al. (2004); Li et al. 
(2008); Snyder et al (2005). For complexes based on 2-acyl-6- 
hydoxyfulvenes, see: Dong et al. (2004, 2006); Wang et al 
(2005). For their various applications, see: Hong et al (2005); 
Kondo et al (1992); Vicente et al. (1995). 




Experimental 

Crystal data 

C21H17CIO3 
M, = 352.80 
Monoclinic, P2^/c 
a = 8.1369 (16) A 
b = linn (6) A 
c = 7.6709 (15) A 
= 98.51 (3)° 

Data collection 

Bruker SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2000) 
T^„ = 0.932, r„„„ = 0.940 

Refinement 

R[F^ > 2a(F^)] = 0.061 

wR(F^) = 0.125 

S = 1.17 

3002 reflections 

231 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



V= 1712.2 (6) A^ 
Z = 4 

Mo Ka radiation 
fj. = 0.24 mm"' 
r = 297 K 

0.30 X 0.29 X 0.26 mm 



15678 measured reflections 
3002 independent reflections 
2683 reflections with / > 2cr(/) 
Ri„, = 0.040 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„„, = 0.22 e A"' 

Ap„i„ = -0.29 e A"' 



D-H-A 


D-H 


H---A 


D---A 


D-H- - A 


01-H1-02 


1.07 (5) 


1.38 (5) 


2.435 (3) 


168 (5) 


C20-H20B- ■ 02' 


0.97 


2.51 


3.246 (3) 


133 



Symmetry code: (i) x — 1, _v, z- 

Data collection: SMART (Bruker, 2000); cell refinement: SAINT- 
Plus (Bruker, 2000); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2006); software used to prepare 
material for pubUcation: piiblCIF (Westrip, 2010). 

This work was supported by the CNCS-UEFISCDI, project 
No. PN II IDEI 2278/2008. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: LD2041). 
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(3-Chlorophenyl){2-ethoxy-5-[(Z)-hydroxy(phenyl)methyKtlene]cyclopenta-l,3-dien-l- 
yl}methanone 

M,-L, Tintas, R. A, Varga, I, Grosu and E, Bogdan 
Comment 

Widely used as synthetic precursors, fulvenes are key intermediates in the total synthesis of several natural products (Hong 
et al. 2005, Vicente et al. 1995) and are well known as one of the important organic ligands used in construction of organo- 
metalic complexes (Li et al. 2008, Dong et al. 2006, Snyder et al. 2005, Wang et al. 2005, Dong et al. 2004). Fulvenes also 
raised interest due to their potential as non-linear optic materials (Kondo et al. 1992). 

The title compound was obtained as a by-product in the oxidation reaction of dihydro-a-pyrone l-(3-chlorophenyl)-4- 
phenyl-4a,5-dihydrocyclopenta[c]pyran-3(4//)-one with DDQ (2,3-dichloro-5,6-dicyano-l,4-benzoquinone) in chloroform 
(Christl et al. 1998). We observed that during the dehydrogenation process in order to obtain the corresponding a-pyrone, a 
competitive reaction underwent with formation of the fulvene derivative (Fig. 1) only when chloroform containing 0.5-1% 
ethanol as stabilizer is used as solvent. By performing the oxidation reaction in ethanol free of chloroform, no fulvene 
structure of the title compound could be identified. 

In the molecule of the title compound (Fig. 1), the C — C bond lenghts of the five-membered ring as well as C13 — CI 4 
and C15 — C19 range from 1.366 (3) to 1.481 (7) A, corresponding to a delocalized system extended from C=0 to the 
enol OH group (Ferguson et al. 1975). The hydroxy- fulvene tautomer is favored by the strong intramolecular H-bonding 
of the enol hydrogen atom HI and the carbonyl oxygen atom 02, [Hl-02 = 1.38 (5) A, 01— Hl-02 = 168 (5)°]. Thus 
a H-bonded seven-membered ring almost coplanar with the five-membered one is formed. The two aryl units attached at 
CI 3 and CI 9 are almost orthogonal disposed, the dihedral angles between the phenyl and m-chlorophenylene with respect 
to the seven-membered ring plane being 44.4 (9) and 54.4 (0)° respectively. 

The crystal packing (Fig. 2) is stabilized by weak intermolecular C — H—0 hydrogen bonds, therefore chains of parallel 

molecules having the same orientation are formed [H20B - O2' = 2.51 (2) A, C20 — H20B—O2' = 133 (2)°; symmetry code: 
(i) -1 +x,y,z\. 

Experimental 

A solution of (45,4a/?)-l-(3-chlorophenyl)-4-phenyl-4a,5-dihydrocyclopenta[c]pyran-3(4/f)-one (0.5 g, 1.55 mmol s, 1 
equiv.), 2,3-dichloro-5,6-dicyano-l,4-benzoquinone in 10 ml anhydrous chloroform (with 0.5-1% ethanol as stabilizer) was 
refluxed under argon for 1.5 h. The reaction mixture was cooled to 0 °C and the brown precipitate was filtered-off. The 
filtrate was washed with water and brine, dried with MgS04 and the solvent removed in vacuo at 30 °C. The crude product 
was purified by column chromatography on silica gel (petroleum ether/diethyl ether = 2:1) to afford the major product 
l-(3-chlorophenyl)-4-phenylcyclopenta[c]pyran-3(5//)-one (0.094 g, 19%)) as a yellow solid, and (Z)-(3-chlorophenyl)(2- 
ethoxy-5-(hydroxy(phenyl)methylene)cyclopenta-l,3-dien-l-yl)methanone (0.042 g, 8%)) as a light brown solid. Crystals 
suitable for the diffraction experiment were obtained by slow evaporation from solution (pethroleum ether / diethyl ether 
= 1:2) of the title compound. 
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Refinement 

All C-bound H atoms were placed in calculated positions (C — H = 0.93-0.97 A) and treated using a riding model with 
C/iso^ l -5{/eq(C) for methyl H atoms. The methyl group was allowed to rotate, but not to tip, to best fit the electron density. 
Although 01 and 02 are chemically almost equivalent as protonation sites (the only difference is the position of a remote 
OEt and CI substituents), the hydrogen was objectively localized and refined at 0 1 . Its high thermal parameter is an attribute 
of a strong intramolecular H bond and our attempt to refine a model with the hydrogen disordered between the two alternative 
positions was unsuccessful {i.e. this is a single-well potential surface for the proton - at least at room temperature). 



Figures 



Fig. 1. The structure of the title compound, showing the atom-labelling scheme and the in- 
tramolecular Ol — HI - 02 hydrogen bond. Displacement ellipsoids are shown at the 50% 
probability level. 



Fig. 2. Packing diagram for the crystal of the title compound viewed along c axis. 



(3-Chlorophenyl){2-ethoxy-5-[(Z)-hydroxy(phenyl)methylidene]cyclopenta- 1,3-dien-1-yl}methanone 

Crystal data 

C21H17CIO3 ^-(000) = 736 

M,. = 352.80 = 1 .369 Mg m"^ 

Monoclinic, P2i/c Mo Ka radiation, X = 0.71073 A 

Hall symbol: -P 2ybc Cell parameters from 3314 reflections 

0 = 8.1369 (16) A 6 = 2.5-23.2° 

5 = 27.737 (6) A H = 0.24 mm-' 

c = 7.6709 (15) A r=297K 

13 = 98.51(3)° Block, yellow 

K= 1712.2 (6) A^ 0.30 X 0.29 X 0.26 mm 

Z = 4 



Data collection 



Bruker SMART APEX CCD area-detector 
diflractometer 

Radiation source: fine- focus sealed tube 

graphite 

phi and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 



3002 independent reflections 

2683 reflections with / > 2a{I) 
i?int = 0.040 

^max ~ 25.0 , 0iTiin ~ 2.5 

h = -9^9 
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/t = -32^32 
/ = -9^9 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred fi^om neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = y[(y\Fo^) + (0.0346Pf + 1 .0364P] 

where P = (Fo^ + 2FcV3 

(A/a)max< 0.001 

Apmax = 0.22eA-3 
Apmin = -0.29eA"2 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d's in distances, angles and torsion angles; correlations 
between e.s.d's in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d's involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on , conventional 
/{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > 2a(F^) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement, if-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 




cu 


0.18516(11) 


0.68353 (3) 


0.59613 (12) 


0.0710(3) 


01 


0.4203 (2) 


0.43102 (8) 


0.1762(3) 


0.0672 (6) 


02 


0.4234 (2) 


0.51880 (8) 


0.1798 (4) 


0.0765 (7) 


C15 


0.1504 (3) 


0.50390 (9) 


0.2264 (3) 


0.0368 (6) 


C19 


0.2853 (3) 


0.53450(10) 


0.2149(4) 


0.0466 (7) 


C14 


0.1450(3) 


0.45072 (9) 


0.2082 (3) 


0.0374 (6) 


C16 


-0.0122 (3) 


0.51749 (9) 


0.2502 (3) 


0.0352 (5) 


C17 


-0.1124(3) 


0.47648 (9) 


0.2510(3) 


0.0424 (6) 


H17 


-0.2239 


0.4761 


0.2651 


0.051* 


CI 


0.2831 (3) 


0.58783 (9) 


0.2398 (4) 


0.0428 (6) 


C2 


0.2385 (3) 


0.60855 (9) 


0.3890 (4) 


0.0452 (6) 


H2 


0.2033 


0.5894 


0.4757 


0.054* 


C18 


-0.0174 (3) 


0.43706 (9) 


0.2275 (3) 


0.0417 (6) 


H18 


-0.0553 


0.4054 


0.2246 


0.050* 


C3 


0.2463 (3) 


0.65780(10) 


0.4090 (4) 


0.0486 (7) 



r^i„ = 0.932, r^ax = 0.940 
15678 measured reflections 

Refinement 

Refinement on 
Least-squares matrix: full 

/?[i^>2a(F^)] = 0.061 
w/?(i^) = 0.125 

5=1.17 

3002 reflections 
23 1 parameters 
0 restraints 
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n 

Cii 


U.ZDo4 (o) 


A /1101A ^^ A\ 
U.4151U (lU) 


A 1 OA 

U. loZU (3) 


n r\A A'^ 
U.U44Z (O) 


r^n 
C/ 


U.Z4Z3 (3 j 




0. 103 J (3) 


A A/1 1 Z ^/^\ 

0.043 J (oj 


Co 


A /lA 

U.33oZ (3) 


O.Ol /ZD (1 1) 


All 

0.11 J J (4) 


A ACT A {n\ 

0.0j34 (/) 


xlO 


U.J /II 


U.OUJ / 


A A1 C-l 


0.004^ 


C4 


A TAOA i' A\ 

U.ZVoU (4j 


A /iOT5'l /I 1 \ 
U.OO/3Z (ilj 


A TOO /CA 

U.ZojZ (j) 


U.UOUo (o) 


xl'f 


A OAI T 

U.jUIZ 


u. / zuo 


A lAAl 

0.3003 


A ATT* 

0.0/3 


Co 


A 1 AT 1 

U.lU/1 (4) 


A "i/ICII /I A\ 

0.i4Diz (lOj 


A AiCAO ( A\ 

O.OoOo (4) 


A AC5A i"7\ 
0.0539 (/) 


xli$ 


A AO/;i 
U.UZOl 


A 'i^Q 


_A AAAO 


A A/;c* 
O.OOj 


Cj 


A "3 /I /I A i'A\ 

U.344y (4j 


A /I 1 \ 
U.DDDJ / (lij 


A 1 1Q A fZ\ 

U. 13o4 (j) 


A A/il A /'A\ 

U.U034 (9) 


xlj 




A AQCQ 

yj.vojy 


A ACQ 1 

U.Ujj 1 


A A7A* 

U.U /O 




A "^/COO ^A\ 

0.3625 (4) 


A "5 ■5 /I A A /"I 1 \ 

0.33490 (11) 


0.2487 (4) 


0.0604 (8) 


xliz 




A 1 /I "T"? 

U.34 / / 


All ^"7 

U. 3 1 J / 


A ATI * 
U.U /3 


CiU 


U.ZU /!) (D) 


A '^£.£. 1 A /"I 

u.zooiy (izj 


A ^ 1 A£. 

U.1340 (j) 


A AO IT / 1 1 \ 
U.U0I3 (11) 


xliU 


A 1 T 




A 1 T/^A 
0. 1 ZOO 


A AQQ* 
0.09© 


\Jy 


A AQA1 


A OQCTI /I 1 ^ 

O.ZyD / I (1 IJ 


0.04/1 (j) 


A ATAC (Ci\ 

0.0 /Oj (9) 


My 


A AAT A 
— U.UUZ4 


A T O/i 

U.ZoZo 


A AT) C 
— U.UZZj 


A AOC * 

U.Uoj 




f\ A1 A 

U.J4J4 {j) 


0.ZO3O4 (13) 


O.z34o (DJ 


0.0/00 (11) 


XJ1 1 

Mil 


A ylO/IA 

U.4z4U 


O.ZOJJ 


o.zy4o 


A AO/I* 

0.094* 


Ui 


A ACOA 

— U.UjoU (ZJ 


A A(\ 

0.DO340 (Oj 


O.zo/j (z) 


A A/ITC ^ A\ 

0.043 J (4) 




— U.ZZiZ (ij 


A C71 C/C /I A\ 
U.J /I JO (lOJ 


A 1 ATC /"/lA 
U.3U/J (4) 


A A/i 1 
U.U401 ( /) 


xlzUA 


A 1 /IT C 

— iJ.Z4Zj 


A C C 1 O 

O.jjlo 


A /I ATA 
0.40/0 


A ACC * 

U.Ujj^ 


H20B 


—0.3049 


A CC^ 1 

0.5631 


A OAT A 

0.2070 


0.055* 


C21 


-0.2378 (4) 


0.62365 (11) 


0.3506 (4) 


0.0577 (8) 


H21A 


-0.1538 


0.6320 


0.4475 


0.087* 


H21B 


-0.3456 


0.6298 


0.3825 


0.087* 


H21C 


-0.2234 


0.6428 


0.2497 


0.087* 


HI 


0.436 (5) 


0.4691 (17) 


0.188 (6) 


0.127 (16)* 



Atomic displacement parameters (A^) 





[/" 








^13 


jj23 


Cll 


0.0812(6) 


0.0519(5) 


0.0806 (6) 


0.0001 (4) 


0.0148 (4) 


-0.0210(4) 


01 


0.0454(12) 


0.0493 (13) 


0.1120(19) 


0.0028 (10) 


0.0289 (12) 


-0.0124(12) 


02 


0.0396(11) 


0.0527 (13) 


0.145 (2) 


-0.0082 (10) 


0.0392 (13) 


-0.0193 (14) 


C15 


0.0341 (13) 


0.0366 (14) 


0.0405 (14) 


-0.0013 (10) 


0.0079(11) 


-0.0027(11) 


C19 


0.0372(15) 


0.0462 (16) 


0.0584(17) 


-0.0032 (12) 


0.0133(13) 


-0.0069 (13) 


C14 


0.0377 (14) 


0.0361 (14) 


0.0391 (14) 


-0.0024(11) 


0.0080(11) 


0.0017(11) 


C16 


0.0337 (12) 


0.0357 (14) 


0.0363 (13) 


-0.0013(11) 


0.0054(10) 


0.0005 (11) 


C17 


0.0321 (13) 


0.0446 (15) 


0.0516 (16) 


-0.0043 (11) 


0.0100 (11) 


0.0035 (12) 


CI 


0.0298 (13) 


0.0419 (15) 


0.0571 (17) 


-0.0047(11) 


0.0079 (12) 


-0.0031 (13) 


C2 


0.0381 (14) 


0.0407(15) 


0.0570(17) 


-0.0072 (12) 


0.0082 (12) 


0.0003 (13) 


C18 


0.0439(15) 


0.0341 (14) 


0.0479(15) 


-0.0064(11) 


0.0093 (12) 


0.0007 (11) 


C3 


0.0394 (15) 


0.0409 (16) 


0.0636 (18) 


-0.0024 (12) 


0.0011 (13) 


-0.0041 (14) 


C13 


0.0442(15) 


0.0457(16) 


0.0442(15) 


0.0018(12) 


0.0116(12) 


-0.0026 (12) 


C7 


0.0525 (16) 


0.0415(15) 


0.0398(15) 


0.0057 (13) 


0.0180(12) 


-0.0011 (12) 


C6 


0.0431 (15) 


0.0594 (19) 


0.0591 (18) 


-0.0100 (14) 


0.0121 (13) 


-0.0015 (14) 


C4 


0.0570 (18) 


0.0378 (16) 


0.085 (2) 


-0.0051 (14) 


0.0036 (17) 


0.0043 (16) 


C8 


0.0642 (19) 


0.0423 (16) 


0.0556(18) 


0.0028 (14) 


0.0106(15) 


-0.0011 (13) 
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L.J 


U.Uo / (zj 


U.UjUo \ \-y) 


U.U /4 j 


— U.UlUo (,loj 


U.U 143 (1 i) 


A A 1 O 1 /'I 

U.Ulol (loj 




A A/; AT / 1 Q\ 




0.004 \Z ) 


A A1 AC /I C\ 


A A1 T 1 /I C\ 

U.UIZI 


A AAAT C\ C\ 


CIO 


A 1 1 C /"?\ 

0.115 (3) 


A Al Z A /■ 1 0\ 

0.0354 (Is) 


A 1 A A 

0.100 (3) 


A AAO 

O.OOo (2) 


A Al O \ 

0.038 (3) 


A A A 11 / 1 O \ 

0.0013 (18) 


C9 


0.087 (2) 


0.0418(18) 


0.083 (2) 


-0.0044 (17) 


0.0135 (19) 


-0.0096 (17) 


Cll 


0.096 (3) 


0.056 (2) 


0.088 (3) 


0.035 (2) 


0.026 (2) 


0.0172 (19) 


03 


0.0324 (9) 


0.0378 (10) 


0.0620(12) 


-0.0001 (8) 


0.0133 (8) 


-0.0033 (8) 


C20 


0.0316(13) 


0.0542 (17) 


0.0541 (16) 


0.0054 (12) 


0.0111 (12) 


-0.0029 (13) 


C21 


0.0549 (18) 


0.0573 (19) 


0.0633 (19) 


0.0160 (14) 


0.0166 (15) 


-0.0047 (15) 



Geometric parameters (A, °) 



Cll — C3 


1.740 (3) 


C7 — CI 2 


1.385 (4) 


01 — C13 


1.294 (3) 


C6 — C5 


1 379 (4) 


01 — HI 


1.07 (5) 


C6 — H6 


0.9300 


02 — C19 


1.271 (3) 


C4 — C5 


1.369 (5) 


02 — HI 


1.38 (5) 


C4 — H4 


0.9300 


C15 — C19 


1.400 (3) 


C8 — C9 


1.380 (4) 


C15— C16 


1.414(3) 


C8— H8 


0.9300 


C15— C14 


1.482 (3) 


C5— H5 


0.9300 


C19— CI 


1.492 (4) 


C12— Cll 


1.378 (5) 


C14— C13 


1.388 (3) 


C12— H12 


0.9300 


C14— C18 


1.404 (3) 


CIO— C9 


1.358 (5) 


C16— 03 


1.339 (3) 


CIO— Cll 


1.361 (5) 


C16— C17 


1.400(3) 


CIO— HIO 


0.9300 


C17— C18 


1.366 (4) 


C9— H9 


0.9300 


C17— H17 


0.9300 


Cll— Hll 


0.9300 


CI— C2 


1.376 (4) 


03— C20 


1.440(3) 


CI— C6 


1.379 (4) 


C20— C21 


1.491 (4) 


C2— C3 


1.375 (4) 


C20— H20A 


0.9700 


C2— H2 


0.9300 


C20— H20B 


0.9700 


C18— H18 


0.9300 


C21— H21A 


0.9600 


C3— C4 


1.366 (4) 


C21— H21B 


0.9600 


C13— C7 


1.477 (4) 


C21— H21C 


0.9600 


C7— C8 


1.377 (4) 






C13— 01— HI 


112 (2) 


C5— C6— H6 


119.7 


C19— 02— HI 


113.3(18) 


CI— C6— H6 


119.7 


C19— C15— C16 


127.1 (2) 


C3— C4— C5 


118.2 (3) 


C19— C15— C14 


127.6 (2) 


C3— C4— H4 


120.9 


C16— C15— C14 


105.2 (2) 


C5— C4— H4 


120.9 


02— C19— C15 


122.1 (2) 


C7— C8— C9 


121.0(3) 


02— C19— CI 


113.2 (2) 


C7— C8— H8 


119.5 


C15— C19— CI 


124.7 (2) 


C9— C8— H8 


119.5 


C13— C14— C18 


123.5 (2) 


C4— C5— C6 


120.7 (3) 


C13— C14— C15 


130.6 (2) 


C4— C5— H5 


119.6 


C18— C14— C15 


105.9 (2) 


C6— C5— H5 


119.6 


03— C16— C17 


127.0 (2) 


Cll— C12— C7 


120.5 (3) 


03— C16— C15 


123.1 (2) 


Cll— C12— H12 


119.8 


C17— C16— C15 


109.9 (2) 


C7— C12— H12 


119.8 


C18— C17— C16 


108.0 (2) 


C9— CIO— Cll 


119.6 (3) 



sup-5 



supplementary materials 



Clo — CI / — hll / 


1 T/i A 

Izo.U 


ClO — CI / — ^ril / 


1 T/i A 

Izo.U 


Cz — CI — Co 


1 1 o. / \p) 


Cz — CI — ciy 


1 n A 
Izz.U (zj 


Co — CI — CIV 


Uy.l (z) 


r^'y 

C J — Cz — C 1 


1 1 n c (i\ 

uy.o (jj 


r^i /^o xjo 
Ci — Cz — xlz 


IzU.z 


/^o TJO 

CI — Cz — rlz 


1 OA 0 
IzU.Z 


CI / — Clo — C14 


1 1 1 A 

1 1 1 .U \ L) 


CI / — Clo — Hlo 


11/1 c 


A o xjio 
C14 — Clo — ^rilo 




f^A f^l f^^i 

C4 — C3 — Cz 


Izz.l (3) 


r^A f^i 1 
C4 — C3 — Cll 


lion 

1 lo.y \l) 


Cz — CJ — Cll 


1 1 n A ('^\ 

uy.u (z) 


Ul — Cli — C14 


Izz.o \2.) 




113.2 (2) 


C14 — C13 — C7 


124.1 (2) 


C8 — C7 — C12 


117.8 (3) 


C8 — C7 — C13 


123.5 (2) 


CI 2 — C7 — C13 


118.6 (3) 


C5 — C6 — CI 


120.7 (3) 


Clo — CO — ciy — Uz 


1 HA Z. {1\ 

— 1 /4.D \p) 


Ci4 — CiD — Ciy — Uz 


2.5 (5) 


Clo — CO — Ciy — CI 


A C\ i A \ 

4.y (4) 


C14 — CI J — Ciy — CI 


—1 /o.Z (3) 


Ciy — CID — C14 — Cli 


2.5 (5) 


/"'I <C /"'IC /"'I/I /"'1'3 

Clo — CID — C14 — CI J 


1 TA A 

1 /y.y (ij 


/"'in /"'ic A /"'lo 
Ciy — CO — C14 — Clo 


1 TA 1 

— 1 /V.l (3) 


/"'I/; /"'I < A /"'iq 
Clo — CO — C14 — CIS 


-1.6 (3) 


/"'I C\ /"'I C /"'I iC /"il 

ciy — ciD — Clo — uj 


A A 

— u.y (4j 


/"^l/I Z"*!^ /"'I/: /"\'2 

C14 — CI J — Clo — KJi 


—1 /o.4 yl) 


/"'in /"'1C /"'I/; /"'IT 
C 1 y — C 1 J — C 1 0 — C 1 / 


1 /o. / (3) 


A z /""I/; n 
C14 — CO — Clo — CI / 


1.2 (3) 


/"^l /"'I iC /"'I T /"'I O 

Uj — Clo — CI / — Cls 


1 TA 

1 /y.3 (z) 


z /^i/; 1 /"'lo 
CO — Clo — CI / — Clo 


A 1 /I \ 

^U.3 (3j 


u/ — c 1 y — c 1 — c/ 


— Izo.z (3) 


z /"■ 1 n /"■ 1 /""> 
CO — Ciy — CI — Cz 


Z.A A ( A\ 

j4.4 (4) 


/"\o /"'in /"'I /"'iC 
Uz — C 1 — C 1 — Co 


AC\ "1 ( A\ 

4y.3 (4) 


/"'I c /"'in /"'I /"'/; 

CO — Ciy — CI — Co 


1 1 A 1 {1\ 

— 13U.1 (3) 


r^c /"'I /"'o /"''J 
Co — C 1 — Cz — C J 


1 A ( A\ 

1.4(4) 


/"•in /"*! /"'o z"**? 

Ciy — Cl — C2 — C3 


^nc c\ /o\ 

176.9 (2) 


C16— C17— C18— C14 


-0.8 (3) 


C13— C14— C18— C17 


-179.9 (2) 


C15— C14— C18— C17 


1.5 (3) 


Cl— C2— C3— C4 


-0.3 (4) 


Cl— C2— C3— CU 


178.6 (2) 



f^C\ 1 A TU 1 A 

CV — C 1 U — rl 1 U 


1 OA O 

IzU.z 


Cll — ClU — ^rilU 


1 OA T 

IzU.z 


clu — cy — Co 


1 OA /I /'I \ 

lzU.4 (3) 


1 A /^A XJA 

ClU — Cy — My 


1 1 A O 

iiy.o 


/^Q i^A XJA 

Co — CV — riy 


1 1 A O 
1 IV.O 


/^1A /^11 /^10 

ClU — Cll — Clz 


1 TA T /"TA 

1 zU. / v-* J 


1 A /^1 1 XJ1 1 

ClU — Cll — ^rill 


1 1 A 

iiy.o 


0 1 XJ1 1 

Clz — Cll — ^rill 


1 1 A iC 

lly.o 


C 1 0 — U3 — Cz(J 


1 1 /C AT /I A\ 

1 io.y3 (ly) 


U3 — CzU — Cz 1 


1 AT A 

lu/.y (zj 


U3 — CzU — ^JrlzUA 


1 1 A 1 
llU.l 


^^'~t^ r^iA tut a a 
Cz 1 — CzU — hlzU A 


1 1 A 1 
llU.l 


U3 — CzU — HzUb 


1 1 A 1 

UU.l 


Cz 1 — CzU — HzUd 


1 1 A 1 
1 lU.l 


XJO A A /^O A XJO AD 

xlz U A — Cz U — xlz UrS 


1 AO A 

lUo.4 


00 P71 H71 A 
v^zu — v^Z i — XIZ i 


1 OQ S 


C20 — C21 — H21B 


109.5 


H21A — C21 — H21B 


109.5 


C20 — C21 — H21C 


109.5 


H21A — C21 — H21C 


109.5 


H2 1 B — C2 1 — H2 1 C 


109.5 


/"'10 A /""IQ /^1 

Clo — C14 — CIJ — Ul 


—1 /j.3 (3) 


/"'1C /"'I /I /"'1'3 /"\1 

CO — C14 — Cli — Ul 


O A /A\ 

2.9 (4) 


/"'10 /"'1/1 /"'IT /"'T 

Clo — C14 — Cli — C/ 


2.8 (4) 


/"'1C /"'1/1 /"'1'J /""7 

CO — C14 — Cli — C/ 


1 TA f\ 

—1 /y.u (3j 


/"\1 /"'1'5 /""T f~*0 

Ul — Cli — C / — Co 


-137.3 (3) 


/"'I /I /"'T2 /"'T /"'O 

C14 — Cli — C/ — Co 


44. J (4 J 


/"M /"' 1 "3 /""7 /"'l^ 

Ul — Cli — C/ — Clz 


/I A 1 fA\ 

4U.3 (4) 


/"'lyl /"' 1 "J /""7 /"'IT 

C14 Cli — C / — Clz 


— 13 /.y (3 j 


/""I /"'I /"'iC /"'C 

Cz — C 1 — C6 — CD 


1 A /'A\ 

-1.4(4) 


/"'in /"'I /"'/: /"'c 

c 1 y — c 1 — C6 — c J 


-177.1 (3) 


/""> /"'T /"'/I /"'C 

Cz — Ci — C4 — C5 


A O i'A\ 
— U.O (4) 


/"'II /"'T /"'/I /"'C 

Cl 1 — Ci — C4 — C5 


1 nci 1 /OA 
— 1 /y. 1 \1) 


/"'n /"'T /"'o /"'n 

c 1 z — c / — Co — cy 


1.7 (4) 


/"'IT /^"T /^o /^n 

Cli — c / — Co — cy 


1 "7 A 1 

1 /y.3 (3) 


/"'Q r^A /^C /^£ 

Ci — C4 — C5 — Co 


0.8 (5) 


/"'I /^/; /""c /""/I 
C 1 — C6 — C5 — C4 


0.3 (5) 


/"'O /"'T /"'II /"'II 

Co — C/ — Clz — Cll 


O O / A\ 

-2.2 (4) 


/"'IT /"'T /"'IT /"'II 

Cli — C/ — Clz — Cll 


1 OA A /"3\ 

— loU.U (i) 


/"'II /"' 1 A /"'n /"'o 

c 1 1 — c 1 u — cy — Co 


A /; f c\ 
—U.O (5) 


/"'T /"'O /"'n /"'lA 

C7 — C8 — C9 — C 1 0 


-0.3 (5) 


C9— CIO— Cll— C12 


0.1 (6) 


C7— C12— Cll— CIO 


1.3 (5) 


C17— C16— 03— C20 


6.2 (4) 


C15— C16— 03— C20 


-174.3 (2) 


C16— 03— C20— C21 


170.6 (2) 
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Hydrogen-bond geometry (A, °) 

D—n-A 
Ol— H1-02 

C20— H20B-O2' 
Symmetry codes: (i) x-\,y, z. 



D—n n-A 

1.07(5) 1.38(5) 
0.97 2.51 



D-A D—H-A 
2.435 (3) 168 (5) 

3.246 (3) 133 
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